ABSTRACT
A cute occlusion of the ICA is often associated with poor outcomes and severe neurologic deficits. 1, 2 Acute ICA occlusions are more resistant than MCA occlusions to administration of intravenous tPA. 3, 4 In the Trial of Org 10172 in Acute Stroke Treatment (TOAST), 10% of patients were diagnosed with ICA occlusion, which resulted in neurologic disability in 40% and mortality in 20% of patients. 5 Intra-arterial mechanical thrombectomy has been increasingly used in the management of acute ischemic stroke with the recent introduction of stent retrievers (nondetachable microcatheter-based stentlike devices). [6] [7] [8] [9] Despite anecdotal endovascular attempts, an effective management approach has not been well established for patients with acute ICA occlusion that is not applicable to intravenous and/or intra-arterial thrombolysis. [10] [11] [12] [13] The aims of the present study were to investigate the outcome and factors associated with recanalization therapy in acute occlusion of the ICA and to assess the efficacy of proximal flow arrest.
MATERIALS AND METHODS
Between April 2007 and November 2011, intra-arterial recanalization therapy was performed on 50 consecutive patients who met the following criteria: 1) ICA occlusion presented with acute stroke, and 2) a small early infarct area (Ͻ one-third of vascular territory) on a DWI, with mismatched perfusion-diffusion. MR imaging-specific perfusion-diffusion mismatch was identified as having a mismatch larger than 20% measured visually from the relative mean transit time map and DWI. 14 Patients with ICA occlusion with a history of transient ischemic attack or previous stroke in the subacute or chronic stages, intracranial occlusion beyond the ICA, or occlusion of the posterior circulation were excluded. Our institutional review board approved the design of the study and the use of clinical data, and all patients provided written informed consent. Table 1 shows the clinical and angiographic data of patients with ICA occlusion. The following variables that may affect the rate of adverse events were included as possible risk factors: age; sex (men vs women); presence of vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, cardiac disease, stroke history, family history, smoking, and alcohol); symptom onset; NIHSS score on admission (NIHSS o ); occlusion level and type; application of protective transient flow arrest; and postprocedural TICI grades at the site of occlusion after revascularization.
Protective flow arrest with a proximal or distal protection balloon or manual neck vessel compression was applied at our institute. Various thrombectomy attempts, including aspiration or retrieval of an intravascular clot, were performed under proximal or distal balloon protection. We used a neck compression technique (n ϭ 3) before a proximal protective balloon became available in our medical institute. The ipsilateral neck was manually compressed in the area of the carotid arterial pulsation or on the palpable guiding catheter in the carotid artery while aspiration was performed via a guiding catheter positioned in the ICA. Aspiration was done by applying continuous negative pressure by using a 30-cc syringe for approximately 10 -15 seconds and was repeated 2 or 3 times during an approximately 30-second interval. 15 Application of the protective flow arrest technique was added as a factor to the outcome analysis.
To analyze the occlusion level (site), we applied the embryologic segmental anatomy of the ICA. 16 The ICA was divided by the embryologic vascular remnants that can help identify the occlusion level and work as collateral channels, leading to subsequent embolism (Fig 1) . The 50 patients were categorized according to occlusion level, based on the 3 most commonly encountered anatomic parts in the ICA segments: supraclinoid-terminal (n ϭ 14), petrocavernous (n ϭ 18), and bulb-cervical (n ϭ 18).
Patients with acute stroke who presented with symptom onset of Ͻ6 hours (n ϭ 22) were treated according to our institution's protocol by intravenous and/or intra-arterial thrombolytic therapies. 17 A total of 7 patients received IV tPA and subsequently underwent endovascular recanalization because there was no improvement in their status. The patients who presented with acute symptom onset of Ն6 hours (n ϭ 28) were considered for recanalization on the basis of the extent of the infarct and diffusion-perfusion/symptom mismatch after discussion with neurologists. In those patients with low initial NIHSS scores, the recanalization procedure in our study was performed based on progressive or fluctuating symptoms (n ϭ 17), or because of perfusion abnormality (n ϭ 24).
The subtype classification of large-artery atherosclerosis (n ϭ 32) or cardioembolism (n ϭ 18) for ICA occlusion was based on the modified TOAST classification at the time of admission. 5 The pretherapeutic neurologic status of the patient was evaluated by NIHSS o . The mRS was used to assess the final clinical outcome at 6 months (good outcome, mRS Յ 2; poor outcome, mRS Ն 3).
Recanalization Procedure
Fifty patients with occlusion of the ICA were treated with suction, angioplasty, and/or stent placement in conjunction with retrieval devices. All patients were given 200 mg of aspirin and a loading dose of 300 mg of clopidogrel before the procedure, if they were not already taking these medications. After the procedure, 100 mg of aspirin once daily was continued as a permanent medication. In addition, 75 mg of clopidogrel was given once daily for at least 6 months after the procedure. 18 The procedural details were the same as we had described previously, except that a 9F sheath was used for the proximal protection balloon catheter. 15, [18] [19] [20] [21] [22] [23] Protective flow arrest methods included proximal balloon protection with or without distal balloon protection or manual neck compression. The distal balloon was introduced through a 4F catheter or the occluded segment after application of the proximal balloon. TICI perfusion categories include grade 0 (no perfusion), grade I (penetration with minimal perfusion), grade II (partial perfusion), grade IIa (only partial filling; Ͻ two-thirds of the entire vascular territory), grade IIb (complete but slow filling of all of the expected vascular territory), and grade III (complete filling). 24 Although several studies have defined successful reperfusion as TICI IIb or greater, they used various cutoff values (50% vs 67%) for grade IIb, thus rendering comparisons across studies difficult or impossible. 25 Therefore, we defined TICI grade II-III as successful reperfusion. 25 
Basic Strategy of Recanalization According to Occlusion Levels
Proximal ICA Occlusion (Bulb-Cervical Segment). If there was an insufficient length of stump of the carotid bulb portion or if suction by proximal balloon catheter (eg, Optimo; Tokai Medical Products, Aichi, Japan) was ineffective, then a 4F catheter was passed along the 0.035-inch guidewire through the occluded segment and a distal balloon (eg, PercuSurge; Medtronic, Minneapolis, Minnesota) was introduced as shown in Fig 2A. Retrograde collateral filling of the segmental ICA anatomy as shown in Fig 1  was used as a guide for the subsequent procedure.
The location of the 4F catheter tip in the free lumen was identified by the suction of thrombotic debris in the distal segment beyond the occlusion and the regurgitation of blood. A protective distal balloon was introduced via the 4F catheter. Once protective distal occlusion was achieved, suction of the proximal ICA segment was followed by angioplasty and/or stent placement if there was any significant stenotic lesion. The ICA was irrigated by saline into the external carotid artery before balloon deflation to ensure that there was no debris in the ICA.
Distal ICA Occlusion (Petrocavernous Segment). Suction was applied via the proximal balloon catheter that was introduced in the cervical segment of the ICA (Fig 2B) . If the suction was ineffective, then further clot retrieval was attempted by a Solitaire stent (Covidien, Irvine, California) or the Penumbra system (Penumbra, Alameda, California). If atherosclerotic stenosis remained after clot removal, then subsequent angioplasty and/or stent placement was performed under proximal balloon protection.
Occlusion of the Supraclinoid-Terminal Segment and/or an Intracranial Vessel. As was done with distal ICA occlusion, suction was applied via the proximal balloon catheter introduced in the cervical segment of the ICA. For residual intracranial vessel occlusion, further clot retrieval was attempted with a Solitaire or Penumbra catheter under proximal balloon protection (Fig 2C) .
Statistical Analysis
We performed univariate analysis by using the 2 test or the Fisher exact test to assess the relationship between outcome and incontinuous independent variables. Mann-Whitney tests were used for continuous variables including age and NIHSS o . Stratification analysis with the Cochran-Mantel-Haenszel test was used to assess the significant relationship between the potential risk factor and outcome, when there was a suspected confounding effect of another factor. All reported probability values were 2-sided, and P values of Ͻ .05 were considered statistically significant. We performed all statistical analyses by using SAS version 8.1 (SAS Institute, Cary, North Carolina).
RESULTS
Successful recanalization (TICI Ն 2) was obtained in 45 (90%) of 50 patients, and good outcome (mRS Յ 2) at 6 months was obtained in 30 (60%) of 50 patients. Good outcome was related to NIHSS o (P Ͻ .001), TICI (P ϭ .007), occlusion type (P ϭ .022), and occlusion level (P ϭ .038) ( Table 1) . A lower NIHSS o and successful recanalization were significantly correlated with a good clinical outcome. Supraclinoid-terminal occlusion showed poorer prognosis than petrocavernous or bulb-cervical occlusion. Results of stratification analysis (Table 2 ) revealed a significant correlation between application of flow arrest and clinical outcome with stratification according to occlusion levels (P ϭ .049), that is, the application of protective flow arrest led to a better outcome in the distal ICA segment occlusion. On the other hand, outcome was irrelevant to the application of protective flow arrest in the bulb-cervical segment occlusion.
Five patients (10%) who had a failed recanalization (TICI Ͻ 2) showed poor clinical outcomes (mRS Ͼ 2) at 6 months. Patients with acute stroke (onset time Ͻ 6 hours) with ICA occlusion showed relatively poor clinical outcomes (55%; 12/22), despite relatively high recanalization rates (TICI Ն 2; 82%; 18/22). Of the 22 patients who had ICA occlusion with onset time Ͻ 6 hours, 10 patients (45%) had a good clinical outcome and 5 patients (23%) died. These results were partially related to the fact that 17 (77%) of 22 patients with early onset (onset time Ͻ 6 hours) had a high NIHSS score (Ͼ10) compared with 6 (21%) of 28 patients with an onset time Ն6 hours (P ϭ .000).
Thirty-four (94%) of 36 patients with bulb-cervical or petrocavernous ICA occlusion showed successful recanalization. In contrast, 11 (79%) of 14 patients with supraclinoid-terminal occlusion of the ICA showed successful recanalization, resulting in only 6 (43%) of 14 patients with a good outcome at 6 months. The initial patient status was poorer in cases of cardioembolism than in cases of large-artery disease (Fig 3) . Large-artery disease was more common in the bulb-cervical segment compared with cardioembolism, which was more common in the supraclinoid-terminal segment of the ICA.
There were 3 patients (6%) with postprocedural symptomatic intracerebral hemorrhage. Six patients with intracerebral hemorrhage (12%) were asymptomatic. Two of the hemorrhages were related to massive infarcts. One was a massive hemorrhage that led to death. Of the 50 patients, 6 (12%) died within 6 months after the procedure. The cause of death was related to massive infarction (n ϭ 4), intracranial hemorrhage (n ϭ 1), or pneumonia-induced sepsis (n ϭ 1).
DISCUSSION
Our study revealed that successful recanalization (TICI Ն 2) was achieved in 45 (90%) of 50 patients and resulted in a good outcome (mRS Ͼ 2) after 6 months in 30 (60%) of 50 patients with acute ICA occlusion. Jovin et al 26 reported a favorable 30-day outcome (mRS Յ 2) with endovascular treatment in 5 (33%) of 15 patients with acute ICA occlusion and 7 (88%) of 8 patients with subacute ICA occlusion. Using combined mechanical recanalization with aspiration and a stent retriever, Papanagiotou et al 10 obtained successful recanalization in 14 (63%) of 22 patients and a good outcome at 3 months in 13 (59%) of 22 patients. Although there are few large series of recanalization for patients with acute ICA occlusion, our results showed the possibility of an improved recanalization rate and good outcome among these patients. 22 Although the natural history of acute stroke with a pro- gressive or fluctuating symptom pattern or perfusion abnormality in patients with low NIHSS is not completely known, recanalization may be warranted because mild or improving stroke may have poor short-term outcomes, 27 and acute ischemic stroke from occlusion of the ICA is one of the most devastating forms of acute ischemia, with only 2%-30% of patients achieving good recovery. 28 Good outcome was related to initial patient status, postprocedural TICI grade, occlusion type, and occlusion level. The more favorable outcome may be related to good collateral circulation and small ischemic core or large penumbra lesion, because retrograde ICA filling, ophthalmic collaterals, or leptomeningeal collaterals are related to better short-term outcomes. 22, 29, 30 Assessment of occlusion level based on the segmental ICA anatomy as in our study could provide better anatomic confinement and allows the application of proximal and/or distal protection with flow arrest, which subsequently could play a role in improving the recanalization rate and resulting in good clinical outcome.
9,10 The rate of symptomatic intracerebral hemorrhage seen in our study was 6%, which was similar to 6.2% in the Interventional Management of Stroke III (IMS III) trial and 6% of fatal and nonfatal symptomatic intracranial hemorrhage in SYNTHESIS. 31, 32 Although the IMS III trial did not show any difference in functional independence (mRS Յ2) with endovascular therapy after intravenous tPA, compared with intravenous tPA alone, the ICA occlusion subgroup in the trial revealed the difference; the rate of partial or complete recanalization at 24 hours, as seen on CT angiograms at both baseline and at 24 hours, was 81% for an occlusion in the ICA in the endovascular therapy group, compared with 35% for an occlusion in the ICA in the intravenous tPA group. 32 In addition, the segmental location of the ICA occlusion and the mechanism of occlusion (cardioembolism vs atherosclerosis) were not specified in the IMS III and SYNTHESIS trials. 31, 32 The MR RESCUE (Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy) trial studied patients with NIHSS scores of 6 -29 who had a large-vessel, anterior-circulation ischemic stroke and who were randomly assigned within 8 hours after the onset of symptoms to undergo either mechanical embolectomy or standard medical care. 33 However, the study used only the old version of recanalization devices (Merci [Concentric Medical, Mountain View, California] or Penumbra) without using Trevo (Stryker, Kalamazoo, Michigan) or Solitaire, both of which have revealed a better primary efficacy (61%) outcome (ie, successful recanalization without symptomatic intracranial hemorrhage) vs 21% with Merci. 34 Because there is no standardized recanalization technique for ICA occlusion in patients with acute stroke, mechanical and/or intra-arterial thrombolysis for intracranial occlusion has been followed by angioplasty and/or stent placement, aspiration thrombectomy, or clot retrieval with various devices. [9] [10] [11] [12] 35 Among the factors affecting good outcome, the effect of revascularization (postprocedural TICI grade) may depend on the methodology used to improve the final luminal patency for each occlusion type and level. Among those methods, protective flow arrest applies simple suction that effectively aspirates the clot and prevents distal migration to the intracranial vessels during clot retrieval. 36 The angioplasty and/or stent placement performed in our study can be part of the recanalization procedure if the stent retriever is not effective and the indications can differ from those applied in SAMMPRIS (Stenting vs Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis), which included patients with TIA or nonsevere stroke occurring within 30 days of their enrollment and attributed to 70%-99% stenosis of a major intracranial artery.
37
Because there is little stump for proper balloon engagement in bulb-cervical occlusion, a combination of proximal and distal protective balloons (as shown in Fig 2) may provide more protection against additional thromboemboli during the recanalization procedure. For petrocavernous and supraclinoid-terminal segment occlusion, proximal flow arrest alone may be applied to aspirate the clot and prevent distal thromboembolism during clot retrieval. The flow reversal technique or even manual neck compression may also be effective for protective proximal flow arrest. 9, 12 Simple suction thrombectomy can be applied by using a proximal protection balloon with which the stent retriever is subsequently used. Extracranial-intracranial (ECIC) bypass surgery in patients with symptomatic occlusion of the ICA was illustrated by a new operating technique and patients without naturally occurring collateral flow to maintain adequate circulation might benefit from ECIC bypass surgery. Recently, ECIC bypass surgery plus medical therapy was not found to reduce the risk for recurrent ipsilateral ischemic stroke compared with medical therapy alone.
38 ECIC bypass surgery may have limitations regarding response to a recent, symptomatic occlusion containing remarkable salvageable brain parenchyma at the time of symptom presentation.
39
Our study had several limitations. First, the overall number of our study patients was relatively small; therefore, further analysis by categorization into small subgroups made it difficult to draw any definite conclusions. Second, the procedural methodology used in our study was not homogeneous because various thrombectomy attempts, including aspiration or retrieval of an intravascular clot, were performed with or without proximal or distal balloon protection. Despite the use of currently available management strategies, the clinical and angiographic responses to therapy remain limited. 6 Therefore, further data must be added to support our conclusion, though it is difficult to perform a randomized controlled study because acute ICA occlusions presenting with severe stroke symptoms are relatively rare, even at highvolume stroke centers.
CONCLUSIONS
Our results showed that successful recanalization and a good outcome could be achieved by combined mechanical thrombectomy, especially under protective flow arrest. Good outcome was related to initial patient status, postprocedural TICI grade, occlusion type, and occlusion level. Our study also revealed that the application of proximal and/or distal protection with flow arrest helps to improve the recanalization rate and results in a good clinical outcome. 
